In most versions of beyond the standard model (BSM) physics, the Yukawa couplings of the quarks and charged leptons are not all to the same complex scalar doublet but to different ones.
guishes them from the standard model (SM) is that they contain more than one complex scalar doublet. The different flavors of quarks and leptons couple generically not all to the same scalar doublet but to different ones. The detailed pattern of these couplings varies from model to model but we shall take a general approach which includes all possibilities.
Namely, we shall first assume that each flavor couples to a different doublet, and then special cases will be degenerate examples of this general case. In the SM, all flavors couple to the same scalar doublet.
The Large Hadron Collider (LHC) has not only made the dramatic discovery of the H boson and finally nailed down its previously-unknown mass but equally importantly opens up the experimental measurement of the detailed couplings of H through its production cross section and especially through its decay modes and partial decay widths. Of special interest here are the couplings of H to fermions. We recall the scandal of the fermion masses that none of the twelve quark and lepton masses have a satisfactory theoretical understanding.
These masses are simply parametrized in the SM by Yukawa couplings Y i where i = t, b, τ, ....
Let us begin by reviewing the situation in the SM. We shall focus on the third generation fermions t, b, and τ but the generalization to the lighter fermions will be straightforward.
The third generation is the most relevant to the LHC experiments.
The corresponding Yukawa couplings of the SM are written
in terms of the mass eigenstates. The spontaneous breaking occurs through the BEH mechanism where H develops a vacuum expectation value < H > uniformly throughout the universe and given by
From Eq.(1), the SM Yukawa couplings Note that the W mass M W is given by
where g 2 is the gauge coupling for the SU (2) factor of the electroweak gauge group.
In a BSM model, the generalization of Eq.(1) involves different H doublet scalar fields and can be written
and, writing the VEVs as < H i >= V i , the generalization of Eq.(3) are now written in the form
In such a theory, the W mass is given by a generalization of Eq.(4) to
where the sum is over the distinct scalar doublets, i.e., any of the H i fields in Eq. (5) that are identified separately, are included in the sum only once.
Defining
then using Eqs.(3,4,6,7) one finds the useful sum rule
where, in any given BSM model, the summation is restricted as discussed following Eq. (7).
One interesting consequence of the sum rule, Eq. (9), is that consistency with experiment requires that
for all i = t, b, τ, ...
There exist a large number of BSM theories in the literature and a majority of the popular ones fall into one of two classes, (I) and (II), as follows proceeding in a direction away from the standard model:
Class I: In Eq. (5), the b and τ scalar doublet are identified,
In this class, the sum rule simplifies to
and it is conventional to parametrize
Examples of Class I are the minimal supersymmetric standard model (MSSM), the most usual type of two Higgs double model (2HDM), and the Peccei-Quinn model (PQ).
Class II: In Eq.(5), the scalar doublets H t , H b , , H τ are all distinct.
In this case, the sum rule is
and it is conveneient to parametrize the VEVs as
G F is a global flavor symmetry are of this class. Many models of this type have appeared in the literature [11, 12] , including in our own work [13] .
There are some BSMs that are not constrained by the sum rule Eq. (9) . These have 
and requiring that r b remain within the error bars gives
thus r b ≥ 0.819, which corresponds to tan β ≤ 0.70. Hence the bound on β from H → bb is somewhat weaker than from H → τ τ , but they both will impact Class I BSMs including a variety of 2HDMs [20, 21] and various SUSY models [22, 23] including MSSM. We stress that we have made approximations that can and will be improved, but it is clear that the sum rule constraint will have teeth. As in the above examples, the 1σ, 2σ and 3σ lower limit values of r has been recently summarized in [27] .
This calculation has a venerable history and was first presented in 1976 [24] in a certain limit, then more generally in 1979 [26] . These early results were confirmed much more recently in 2011 [27, 28] in response to a false criticism by [29, 30] . We therefore use the following established formulas from [27] , generalized for BSM, where the rate is given by
where the function F for BSMs is given by
with
The standard model form of F is recovered by setting r f = 1, ∀ f .
If we include only the top quark in the sum, with color factor N c = 3 and Q t = 2/3, then
where
and
This last expression is valid for β > 1 as is true for both β W and β t .
Eq. (20) with r t = 1, as in the SM, is consistent with the observed H → γγ rate. In a Class I model, such as the MSSM, on the other hand, the sums rule constraint together with theτ τ final state constrain r t ≥ 0.111
Substituting the observed masses for W , t and H we find that,
The ratio of Γ(H → γγ) for the BSM vs the SM as a function of r t . The SM is on the curve at the point (1,1).
which is displayed in Fig. 1 . The combination of the above results suggests that some MSSM, PQ and Class II models are disfavored.
The next to leading order (NLO) percentage corrections to the decay width Γ(H → γγ) has been calculated [31] where it is found that the electroweak and QCD correction are both about 2% but of opposite signs, so they nearly cancel leading to a total correction of less than one percent compared with the leading order calculation.
Although the preliminary LHC data on H decay is presently of limited accuracy, it is nevertheless exciting that it is already enough to dispose of some examples of BSM models.
With the upcoming second run of the LHC, anticipated to begin in 2015 at higher energy and luminosity, one can confidently expect a great improvement in the accuracy of the measurements for the H partial decay modes and hence a better and more detailed check of the constraint sum rule. This heralds a new chapter of particle phenomenology. Constructing viable theories beyond the standard model will become very tightly constrained which is obviously a good thing. There are models with extra Higgs doublets that do not acquire VEVs, like inert Higgs models, that can avoid the sum rule constraint.
To conclude, we have found a sum rule that applies to BSMs that have more than one
Higgs doublet with VEVs and Yukawa coupling to light fermions. The sum rule constrains all models of this type including but not limited to a large class of flavor symmetry models, 2HDMs, SUSY models including MSSM.
